Despite an increasing focus on health literacy in the clinical setting and in the literature, there is still ongoing debate about its influence on diabetes self-management. The aim of the study was to examine the relationships of sociodemographic, clinical, and psychological factors on health literacy and diabetes self-management. A cross-sectional survey was undertaken on 224 patients with type 2 diabetes at two diabetes centres in Sydney, Australia. Findings showed that people with low health literacy were more likely to (a) have lower educational attainment; (b) be migrants; and (c) have depressed mood. Unexpectedly, those who met HbA 1c threshold of good glucose control were more likely to have low health literacy. Predictors of low diabetes self-management included The finding that depressed mood predicted both low health literacy and low diabetes self-management stresses the importance of screening for depression. Increasing people's understanding of diabetes self-management and supporting those with depression are crucial to enhance participation in diabetes self-management.
Introduction
The rapid rise in the global prevalence of diabetes lends urgency to the need for investigations beyond the walls of traditional factors such as poor nutrition, obesity, and sedentary behaviour. In 2013, diabetes was reported in 382 million people worldwide, a figure projected to increase by 55% to 592 million in 2035 [1] . Type 2 diabetes mellitus (T2DM) is the most prevalent form affecting 90% of adults with diabetes [2] and is increasingly being diagnosed in younger age groups [3] . While biochemical and clinical research is important, grassroots level sociocultural research is needed to understand the underlying sociodemographic and cultural environment which influences the self-efficacy of patients to perform the daily tasks of self-managing their chronic condition. For example, among migrants to many developed countries like Australia, acculturation to host culture, language and cultural barriers, and socioeconomic factors contribute to an increased incidence of lifestyle diseases, approximating that of the receiving country [4] . Migrants encounter many personal and systemic barriers in managing chronic conditions like diabetes [5, 6] , which adds to the complexity of implementing self-management interventions in this population. Understanding how these factors interrelate and influence self-management is important to provide person-centred strategies to enhance the health of people living with diabetes.
Diabetes self-management (DSM) is considered an essential cornerstone of good diabetes control [7] . It is reported to reduce the level of glycated haemoglobin level (HbA 1c ), a clinical measure of adequate control, by as much as 37% [8] . Having a lower HbA 1c value (≤7% or ≤53 mmol/mol) reduces the likelihood of developing micro-and macrovascular complications over time [9] . Despite the increasing evidence that supports the benefits of DSM, uptake remains low, especially in culturally diverse populations [10, 11] . Among people with T2DM, knowledge deficit and understanding about diabetes and its complications have been found to be low in those with low health literacy [11] , posing a barrier to DSM [12] . Given this association, improving health literacy, defined as "the capacity to look for, process and understand health information to make informed decisions" [13] seems an important priority to empower patients to self-manage their diabetes [14] . Paasche-Orlow and Wolf [15] postulated that the mechanisms contributing to poorer outcomes among those with low health literacy include low self-efficacy, lack of access to and utilisation of resources and services, and language and cultural issues in clinical encounters. It is important, however, to acknowledge that socioeconomic and demographic factors such as age, educational level, ethnocultural background, and having conditions that require complex care are underscoring limited health literacy [6, 10, 16] . Low levels of health literacy have been found to be common among patients who are from lower socioeconomic backgrounds and among migrants with limited English language proficiency, the elderly, and those with chronic diseases [17] . While some studies have found that low health literacy is associated with poor diabetes self-management, poor control, and more complications [12] , the evidence regarding this association is inconsistent [18] . This could be due to other psychosocial and demographic factors that may affect health literacy and/or differences in measuring this construct [19] .
Adding to the complications of suboptimal selfmanagement is reduced psychological well-being [20] . This is a vicious cycle that may further disempower patients. For example, psychological comorbidity, like depression, contributes to lower self-care [21] , which in turn leads to poorer health status leading to more depression and comorbidities which further reduce DSM [22] .
The aim of the study was to examine the relationships between sociodemographic, clinical, and psychological factors and health literacy and its relationship with DSM within a culturally diverse urban population with T2DM. Specifically, we sought to investigate the relationship between health literacy and other factors influencing DSM. The hypotheses in this study were as follows:
(1) Self-management in patients with T2DM is associated with sociodemographic factors (age, gender, educational level, marital status, and country of birth), clinical factors (self-rated general health, HbA 1c ), and psychological factors (depression, confidence, knowledge, and health literacy).
(2) Health literacy in patients with T2DM is associated with sociodemographic factors (age, gender, educational level, marital status, and country of birth), clinical factors (self-rated general health, HbA 1c ), and psychological factors (depression, confidence, and knowledge).
Methods

Study Design and Setting.
We used a cross-sectional design, patients with T2DM attending the diabetes outpatient clinics at two centres in South Western Sydney Australia. The study setting is a culturally diverse region with 52% of its population born overseas. Of these, 59% speak a language other than English at home and 13% are new arrivals, settling in Australia within the last five years [23] . Southwest Sydney is also one of the largest and most rapidly growing districts within the Sydney metropolitan area [24] with approximately 21% of the population in the low socioeconomic stratum [25] and only about 30% of its population completing secondary school. Unemployment rates are high, with a mean rate of 8% (range 5%-31%), ranking some of these suburbs (10 out of 38) among the most disadvantaged areas in Australia [25] . [26] , PHQ-2 depression scale [27] , diabetes knowledge [28] , diabetes self-efficacy [29] , and diabetes self-management [30] . Results of the pilot testing indicated that participants found the questionnaire to be too complex and lengthy, including those whose first language was English. Following discussion with the research team, a consensus was reached to simplify the questionnaire and reduce the survey to only include 34 items. These were items related to demographic and clinical characteristics, three brief validated measures, namely, the (a) 3-item Health Literacy Scale [31] ; (b) 2-item PHQ-2 to assess depressed mood and anhedonia [27] ; and (c) 16-item Diabetes SelfManagement Scale [30] . As single item questions have been found to be as valid and reliable as multiple-item scales, particularly when constructs that are being measured are fairly homogenous [32, 33] Cronbach's alpha was calculated for each validated instrument used. This is a measure of the extent to which the items in the questionnaire consistently assess the same idea or concept [34] . The internal consistency is expressed as a numerical value between 0 and 1 with scores between 0.70 and 0.90 indicating good correlation among items in the questionnaire [35] .
Brief Health Literacy Scale.
Health literacy was evaluated using the 3-item Health Literacy Scale [31] 
Depression Scale. The 2-item Patient Health
Questionnaire (PHQ-2) [27] was used to assess anhedonia and depressed mood over a 2-week period. This 4-point Likert scale has been used extensively to determine the presence of depression, with higher scores indicating the presence of depression [36] . A cut-off aggregate score of 2 has been found to have high sensitivity in detecting major depressive disorder (92.7%) and any depressive disorder (80.4%), with specificity of 73.7% and 80.4%, respectively [27] .
Diabetes Self-Management Scale. The 16-item Diabetes
Self-Management Questionnaire (DSMQ-16) [30] was used in this study because of its brevity relative to other related scales. More importantly it had significantly stronger correlation with HbA 1c which is an important measure of diabetes control.
Glycated Haemoglobin (HbA 1c )
. The glycated haemoglobin level or HbA 1c is recommended in the monitoring of glucose control as it reflects the average blood glucose level over three months and has a good correlation with diabetes complications [37] . A cut-off value of 7% has been recommended to indicate good control [37, 38] .
Analysis.
Sample size calculation for the outcome variable was based on low DSM rate of 50%. Taking into account the 11 sociodemographic, clinical, knowledge, and psychological predictor variables as listed in the hypothesis and using the sample size calculation based on Peduzzi et al. [39] of = 10 / (where is the minimum number of cases needed, is the number of predictor variables, and is the proportion of low DSM rate), the minimum sample size required was 220.
We used SPSS version 23 software [40] for all data analysis. Frequencies and percentages were computed for categorical variables, and mean, median, and standard deviation and interquartile range were computed for continuous variables. As none of the continuous variables were normally distributed, age, duration of diabetes diagnosis, BMI, medical comorbidities, confidence, knowledge, health literacy, and DSMQ-16 scores were dichotomised at the median. However, the PHQ-2 score was dichotomised at 2 to represent "not depressed" (0-1) and "depressed" (2-6) to be consistent with the high sensitivity of this cut-off shown in previous studies [36] . While dichotomisation of variables may have the disadvantage of loss of analytical power and some important information, it has the benefits of reducing the variability in a skewed data and consequently the random error, making the results more accurate [41] . In addition, it simplifies the results and thus presents findings that are easily understandable to a wide range of audience [42] . Data in this study was skewed with a high variability in the responses. Furthermore, corrective logarithmic transformation calculations performed did not produce findings dissimilar to the dichotomised results obtained.
The Chi-square test was used to assess relationships between two categorical variables, and logistic regression analysis (forward conditional method, with listwise deletion of cases with missing data [43] ) was used to identify predictors of depression and predictors of DSM. The variables included in these regression analyses were demographic, clinical, and psychological characteristics of participants as previously described in the hypotheses.
Results
In total, 275 patients who met the inclusion criteria were approached. Of these 11 refused to participate and 40 were excluded from the final analysis as they were not able to complete the questionnaire and/or they did not have a recorded HbA 1c in the last two years. Cronbach's alpha for the following instruments used in the study showed good item correlation and internal consistency: Brief Health Literacy Scale ( = 0.83); Depression Scale (PHQ-2) ( = 0.88); and the Diabetes Self-Management Scale (DSM-16) ( = 0.79).
The demographic profile of our sample approximated the statistical profile of the study setting. Of the 224 participants included in the final analysis, 56% were born overseas and 7% were newly arrived migrants (less than 5-year duration of stay in Australia) with 40% speaking a language other than English at home. Nineteen percent (19%) of the sample had postsecondary schooling. Table 1 shows the clinical, knowledge, and psychological characteristics of participants. Although the overall health literacy score was high (median: 10; range: 0-12), the overall diabetes knowledge score was lower (median: 7, range: 0 to 10). While the overall DSM-16 score was high (median: 35, range: 7 to 47), 61% of the sample were obese (BMI: ≥30 kgm 2 ), and 81% had an HbA 1c over 7% with 30% having more than two comorbidities. Fortyseven percent (47%) of the participants rated their general health as fair to poor. Fifty percent of the participants had a score of 2 or more in the PHQ-2 suggesting the presence of depressed mood or anhedonia [27, 36] . Those who had PHQ-2 score more than 2 were also found to have longer duration of diabetes diagnosis (more than 10 years), more comorbidities (more than 2), lower confidence, and less DSM behaviours. 98 ( 
Group Comparisons of Low and High Health Literacy.
Using the median score of 10 as the cut-off for the Brief Health Literacy scale, group comparisons of sociodemographic, clinical, and knowledge and psychological factors were computed using the Chi-square test. As shown in Table 2 , those who were older, had up to primary schooling, were overseas-born, were less confident about diabetes management, and had PHQ-2 score ≥ 2, had low health literacy. Surprisingly, those with HbA 1c > 7%, indicating poor control, were more likely to have high health literacy ( = 0.047).
Predictors of Low Health
Literacy. Using forward stepwise logistic regression analysis, four variables emerged as independent and significant predictors of low health literacy: Hosmer-Lemeshow goodness-of-fit for the model: Chi-square = 2.937, df = 7, and = 0.891. Table 3 also shows that those born overseas were over two times (AOR: 2.17, 95% CI: 1.21 to 3.91) more likely to have low health literacy; similarly, those who were depressed were also over two times (AOR: 2.01, 95% CI: 1.12 to 3.59) more likely to have low health literacy. Unexpectedly, those with good glucose control, as indicated by HbA 1c of up to 7%, had low health literacy (AOR: 0.41, 95% CI: 0.29 to 0.90). These four variables explained approximately 19% of the variance (Nagelkerke 2 = 0.191), and HosmerLemeshow goodness-of-fit statistics was not significant (Chisquare = 2.937, df = 7, and = 0.891), indicating good model fit.
Predictors of Low Diabetes Self-Management.
Forward stepwise logistic regression analysis was likewise used to determine predictors of DSM, using the median of up to 35 as the cut-off score. Four variables emerged as independent and significant predictors of low DSM: (i) younger age group (≤60 years); (ii) having postsecondary schooling; (iii) low diabetes management knowledge score (≤7), and (iv) being depressed (PHQ-2: ≥2). The magnitude of the adjusted odds ratios was similar for all four predictor variables, ranging from 2.30 to 2.58, explaining approximately 17% of the variance (Nagelkerke 2 = 0.166). The Hosmer-Lemeshow goodnessof-fit statistics was not significant (11.635, df = 7, = 0.113), indicating good model fit (Table 4 ).
Discussion
In the current study, those with only primary school education, migrants, and those who reported depressed mood were more likely to have low health literacy. The relationship between education and health literacy has previously been reported [44] ; while this was not an unexpected finding it was encouraging to find that participants with secondary schooling and above reported adequate health literacy. Further analysis of those with primary school education revealed that they were also more likely to be older (79%) and overseasborn (70%), which has important implications for targeting this group considering the demographic profile of the current study setting and its being a major area for immigrant settlement in Australia [23] . This is particularly important given that migrants have a disproportionately high prevalence of diabetes [45] and face a number of barriers such as limited English language proficiency, access issues, cultural beliefs, and socioeconomic factors that could have direct and indirect effects on health literacy and DSM [5, [45] [46] [47] . Compared with Australian-born participants, migrants in this study had significantly lower confidence in their ability to manage their diabetes ( = 0.019). Culturally tailored resources and lifestyle interventions addressing these barriers including fostering problem-solving skills, cultivating motivation by setting appropriate goals, and consistent follow-up could be important tools to build confidence for self-managing diabetes in this population.
Depression has been found to affect diabetes control through both physiological pathways [48] , effects of treatment [49] , and/or increasing demand for psychological and behavioural tasks involved in DSM [50] . Our study confirmed the finding that depressed mood and anhedonia are associated with low self-efficacy in carrying out DSM. The PHQ-2 is sensitive, quick, and easily administered in a busy clinic setting which could allow for referral for psychological support. Given the negative influence of depression on diabetes control through several mechanisms, an important recommendation from this study would be that clinicians consider screening all patients who attend diabetes clinics for depression using the PHQ-2.
An unexpected outcome of our study was that poorer glucose control, as demonstrated by high HbA 1c , was correlated with higher health literacy. This may be explained by two factors: the Health Literacy Scale used in this study measured general health literacy rather than health literacy specific to diabetes and therefore may not be suitable for the sample in this study. For example, one of the questions in this tool "How often do you have someone help you read hospital materials?" was answered by a number of participants with "never, because there was never anybody there to help me, I had to read them by myself," which reflected lack of support rather than a high level of health literacy. Secondly, having high health literacy may not necessarily translate into self-management actions that could result in better biochemical diabetes control. This contention is supported by the findings in this study that those who were highly educated had high health literacy but reported low DSM however; those who had higher diabetes knowledge score had higher DSM. A study on Englishspeaking adults with type 2 diabetes likewise found that health literacy (measured using S-TOFHLA) was not associated with HbA 1c or with the presence of diabetes complications [18] . In contrast, Schillinger et al. [12] found an association between low health literacy, poor diabetes control, and retinopathy in an ethnically diverse population.
Older participants in this study practiced more DSM although they had lower health literacy, perhaps because of heightened awareness of mortality whereby health becomes a main concern. It could also be that older participants spent more time engaging in DSM tasks as they had less external competing priorities compared with younger and more educated participants who, presumably, had job demands and family concerns which took priority over DSM. This study found no significant correlation between health literacy and DSM; however, it was lack of knowledge about diabetes specifically that predicted lower DSM.
A number of variables measured in this study were selfassessed constructs that were useful in illuminating the perceptions of participants regarding their resources in effecting DSM. For example, despite more than half of the participants' rating their health as good (53%) and reporting adequate self-management (54%), objective measurements of BMI and HbA 1c showed that a high number (61% and 81%, resp.) of participants were obese and/or had poorly controlled diabetes. This discordance between what participants perceived as "good" DSM and clinical parameters of good control is also consistent with previous studies of people with diabetes and other chronic conditions. For example, in a sample of rural Taiwanese residents Huang et al. [51] found that those who had HbA 1c ≥ 7%, indicating a poor level of control, assessed their health as good [51] . Large population-based studies have also demonstrated a "disconnect" between perceived and actual health in approximately one out of five individuals, with younger age, ethnicity (non-Hispanic Blacks), and higher socioeconomic status predicting this disconnect [52] . This discrepancy between self-perceived health status and objective measures of diabetes control is likely to have clinical implications for DSM education as improving the convergence between perceived and actual health may help promote self-management and, ultimately, improve health outcomes. It is therefore important for health professionals to stress the importance of maintaining a healthy weight and achieving optimal HbA 1c in patient diabetes education programs.
This study has several limitations. The participants were sampled from a cohort that is already accessing the diabetes clinics of two major centres in the region. This may not be representative of the general population with type 2 diabetes. Secondly, the study was cross-sectional and, given the chronicity of diabetes, a longitudinal study may have been more useful in assessing the effect of the variables under examination in relation to self-management over a period of time. Thirdly, the use of Chew's brief measure of health literacy may not accurately have reflected the level of health literacy in our participants. The tool had ceiling effects which may not be due to high health literacy. Another limitation of the study was the lack of recent (within the last three months) HbA 1c level, as some of the HbA 1c results used in this study were taken within the last two years (2014-2016) and, therefore, may not have been contemporaneous with data collection. Finally, as with all studies that collect data using selfreport measures, social desirability bias may have impacted on these findings and, given the discrepancy between selfreported health and HbA 1c , this seems possible. Notwithstanding these limitations, this study presented findings that refute the relationship between health literacy and DSM in a culturally diverse urban population.
Conclusion
Sociocultural research exploring the factors affecting DSM is important to determine areas that may be amenable to implementing cost-effective interventions. In culturally diverse populations with T2DM, while sociocultural factors are determinants of health literacy, this study has demonstrated that it was not health literacy per se but having knowledge specific to diabetes that was more important in predicting the practice of DSM behaviours. Addressing the discordance in perception of health and objective measures of diabetes control in DSM education may improve patient compliance and monitoring. Importantly, the finding that depression was a significant predictor of both low health literacy and low DSM underscores the need for clinicians to screen for depression to ensure that people with T2DM are provided with appropriate support which in turn may enable them to engage in self-managing their condition.
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